The aim of this work is identification and localisation of the interaction between mind and matter, specifically with respect to random number generators, and identification of the type of energy that can alter the degree of randomness of bit-string outputs of these electronic devices.
Introduction
The aim of this current work is to outline the physical mechanisms that allow the human mind to influence from a distance, the functioning of electronic devices, specifically generators of fairly long sequences of random 0 and 1 states, known as Random Number Generators (RNGs).
Although evidence supporting the theory that the human mind is able to influence from a distance (in the absence of direct contact) random events generated by electronic devices is not yet sufficient for this phenomenon to be considered real, we believe it appropriate to ponder possible physical means through which it may occur.
Results from studies relating to the willful influence of RNGs by experienced subjects show, even with a large variability due to different experimental protocols and individual differences of these subjects, that there is indeed evidence of a change in the expected degree of randomness (see metaanalysis of Bösch, Steinkamp, & Boller, 2006 , although criticized by Kugel, 2011 , as well as Radin, Nelson, Dobyns, & Houtkooper, 2006 ; see also Varvoglis & Bancel, 2016 and Tressoldi et al., 2014) .
Regardless of the type of RNG used, any disruption in the generation of random 0 and 1 sequences must be a result of action upon physical events at the point where these sequences originate, and therefore must involve a physical event, albeit one produced by a mental process.
In the following paragraphs, we will try to make clear even to those not well-versed in electronics where this influence to the RNG's function could occur and what type of influence would be required.
Sequence of physical events for the generation of random series of 0 and 1 states in RNGs.
Low voltage Zener diodes, which are based on a P-N junction in a monocrystalline 1 semiconductor, produce a type of signal called "white noise". When a continuous current is applied, the Zener diode's ends have a constant voltage of several volts (called Zener Voltage, usually from 3 to 5 V) that remains virtually constant when the current across the diode is varied. Because of this feature, it is usually used as a voltage stabilizer, but at its ends another alternating voltage overlapping the constant one is created (much smaller than the Zener Voltage and usually ignored), the waveform of which is shown in Figure 2 , or its expanded version in Figure 3A , in which the solid horizontal line represents its average value. The sum of the areas above the average value line are the same as the sum of areas below it. White noise is completely random and so its voltage over time is unpredictable; all we can know about it, is that the average value is zero and effective value is non-zero -that is, able to exert power on a resistive charge.
To obtain sequences of 0 and 1 states, white noise is amplified, filtered, and introduced into a voltage comparator which (Fig 3B) emits a particular state, in this case 1 = black when the signal surpasses its average and the opposite, 0 = white, when the signal falls below average. These variable length 0 and 1 states are then converted to an orderly string of bits by a sampler (see Fig  3C) , which instantly reads and records the comparator's output at regular intervals, for example once every 500 microseconds. Since there are one million microseconds in a second, this effectively means 2000 samples per second, converted to 10 strings of 200 bits each per second.
Where does the external influence have to occur to alter the RNG's random sequence?
Theoretically, in order to alter a random sequence of 0 and 1 states, an external influence could intervene in three distinct phases of the RNG's function:
1. Directly on the waveform at the diode ends, randomly increasing or decreasing the current flowing in it. 2. On the linear electronics (specifically on the first amplifier stage), changing its response to the analogue signal applied to it. 3. On the digital electronics, changing the trigger thresholds and thus generating logic states that do not obey statistical norms.
Considering that, to date, the observed effects of the mind-matter interaction are rather weak, option 3 is the least probable, given that digital electronics have a lower sensitivity to noise than linear electronics.
With respect to option 2, from the study by Tressoldi, Pederzoli, Matteoli, Prati, & Kruth, (2016) that illustrated the possibility of generating (from a distance) photons of wavelength 200 to 400 nm (i.e., from 0.2 to 0.4 µm), it was apparent that the linear electronics responsible for amplifying current impulses generated by the photomultiplier tube corresponding to each counted photon did not experience significant external influences when the shutter was closed. This fact leads us to speculate that the mind "created" photons in front of the photomultiplier tube's window, but from a certain distance, such that the shutter in front of the window would let them through (if open) or block them (if closed). It therefore becomes highly likely that the influence may occurs directly on electrons that need to overcome the potential barrier of the diode's P-N junction for the quantum tunnel effect 2 , activating the avalanche effect 3 (Figure 4 ). With continued reference to observations from the aforementioned study by Tressoldi, Pederzoli, Matteoli, Prati, & Kruth, (2016) , we can theorize that the human mind is able to produce photon bursts in the range 200 to 400 nm, with each photon's energy ranging from 3.1 to 6.2 eV (see Appendix -Note 2). This is much greater than that needed to break one of the four covalent bonds binding each silicon atom to its neighbours in the lattice of the doped P-N monocrystal forming the Zener diode's junction (the energy gap for silicon is 1.14 eV), allowing the generated electric charge to overcome the diode junction's potential barrier and produce a small current peak. Let us now look at how a random 0 and 1 sequence could be altered, starting from modifying the flux of electrons that overcome the diode P-N junction's potential barrier. Figures 5 and 6 show how the analogue signal's average value (blue or red dotted line) can shift higher or lower as a result of an increase or decrease -induced by mental energy -of the signal's amplitude (solid blue or red line), in the form of an impulse with a not insignificant area. If the average moves upward (Figure 7 , blue dashed line) relative to its usual value (solid black line), the duration of the detected 1 state decreases, whereas it increases if the average moves down (Figure 7 , dashed red line).
The output samples that end up composing a regular sequence of random bits (1 or 0) can therefore produce an increase in the probability of sampling a 0 state rather than a 1 state if the average moves up, or sampling a 1 rather than a 0 state if the average goes down. An increase in the number of charges that cross the diode's P-N junction in interdiction state nonetheless entails an increase in current and a resulting reduction in voltage at the diode's ends; it seems more likely therefore that mental influence manifests itself in the form of negative voltage peaks.
Figure 8: Example of a repeated disruption of the analogue signal -following mental intentionsuch that it produced a REG output with predominantly 0 states (relative to 1 states) due to the relatively long duration and low amplitude of negative peaks (time on x-axis, voltage on y-axis).
Obviously, the greater the energy produced by the mind, the greater the reduction in randomness of the recorded 0 and 1 sequences during sampling. In the study by Tressoldi, Pederzoli, Matteoli, Prati, & Kruth, (2016) it was in fact observed that the energy produced by the human mind expresses itself in bursts of at least 20 photons per second within a band from 0.2 to 0.4 µm. However, it is fair to theorize that it can produce bursts with higher numbers of less energetic photons, still always with an energy above 1.14 eV and hence a wavelength less than 1.1 µm (see Example 3 in Appendix -Note 2).
Nevertheless, in order to explain how -with only negative peaks -it is possible to equally induce either a statistical excess of 1 states or an excess of 0 states, we must note that (see Fig. 8 , with six negative peaks close together, produced by current increases from mental influence) during and after the peaks, the average value undergoes significant variation ( Fig. 8 red dotted line) compared to the normal black solid line representing the average value of white noise.
When the analogue signal is above the dotted red line, the REG's voltage comparator detects a 1 state; when the signal is below the red dotted line, a 0 state is detected. During the time that the peaks are negative the comparator detects a 0 state, but in the absence of negative peaks the average is pushed down and so, as we have seen, more 1 states are detected, thus distorting their normally equal probabilities. Consequently, tall narrow peaks can statistically alter the bit sequence output in favour of 1 states, while peaks of equal area (i.e., equal energy), but lower and wider, statistically alter bit output in favour of 0 states.
Discussion
If the human mind is indeed capable of modifying the degree of randomness of RNG signals, it is necessary to identify both the nature of this interference and where it occurs. In this paper, we suggest that this interference may produce electron+gap pairs (see Appendix -Note 1) at the inversely polarized P-N junction of the Zener diode which is used as a white noise generator, with resulting non-random current peaks.
Furthermore, we theorize that the energy produced by the human mind materializes in the form of UV photons of wavelength in the band from 0.2 to 1.1µm, and thus is able to produce electron+gap pairs which generate a current in a Zener diode's P-N junction like those used in REG/RNGs (even though, due to the properties of the photomultiplier used, we have so far only measured the highest energy photons (0.2 -0.4µm).
Depending on whether there is an increase or decrease in the analogue signal's average, samples record either an excess or reduction in 0 states compared to 1 states, therefore reducing the randomness. This leads us to believe that being able to specifically influence either the increase or decrease of one of these states is more complex than simply altering their random sequence, regardless of whether the increase is of 0 or 1. What is suggested here may also be simulated by substituting the photon bursts presumed to be created by the mind with artificially-produced photon bursts, such as from a laser.
We understand that the most critical point in our proposal is the idea of the human mind being able to generate photons from a distance and directing them to a desired target through simple intention on the part of either an individual or group of people. While solid evidence that the body and mental activity generate biophotons is continually being gathered (Van Wijk, Van Wijk, van Wietmarschen, & Greef, 2014; Bókkon, Salari, Tuszynski, & Antal, 2010; Jung et al., 2005; Sun et al., 2009) , it is necessary to postulate quantum-like mindmatter entanglement mechanisms to explain how it is possible for the human mind to generate photons in a target object even many kilometres away. It is in fact implausible for emanated biophotons to overcome all physical barriers between the source and the target. A type of mind-matter entanglement becomes necessary to explain the long-distant action of the mind on a target (RNG or photomultiplier). This type of energy may effectively induce a change in the energy of the vacuum around the target, creating virtual particle-antiparticle pairs that can decay into real photon pairs (the photon is its own antiparticle). This process however implies that the mind (or more accurately: consciousness) can act as a Quantum Field, with non-local properties, in a similar way to the quantum fields (electromagnetic, gravitational, Higgs field, etc.) that current physics presumes to be the foundation of physical reality. Walach, Tressoldi, & Pederzoli, (2016) attempt a theoretical overview and include phenomena like this and others within the field of the Generalized Quantum Theory, which aims to generalize foundational theoretical principles of quantum mechanics not only to physical, but also biological and mental phenomena.
Obviously, there is still much theoretical and empirical work to do, but we believe that to this end, our proposal is a small step forward.
